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ORIGINAL ARTICLE
Transcriptome analysis identiﬁes TNF superfamily
receptors as potential therapeutic targets in
alcoholic hepatitis
Silvia Affo`,1 Marlene Dominguez,1 Juan Jose´ Lozano,1 Pau Sancho-Bru,1
Daniel Rodrigo-Torres,1 Oriol Morales-Ibanez,1 Montserrat Moreno,1 Cristina Milla´n,1
Aurora Loaeza-del-Castillo,1 Jose´ Altamirano,1 Juan Carlos Garcı´a-Paga´n,1
Vicente Arroyo,1 Pere Gine`s,1 Juan Caballerı´a,1 Robert F Schwabe,2 Ramon Bataller1
ABSTRACT
Objective Alcoholic hepatitis (AH) is a severe clinical
condition that needs novel therapies. The identiﬁcation of
targets for therapy is hampered by the lack of animal
models of advanced AH. The authors performed
a translational study through a transcriptome analysis in
patients with AH to identify new molecular targets.
Design Hepatic gene expression proﬁling was assessed
by DNA microarray in patients with AH (n¼15) and
normal livers (n¼7). Functional analysis was assessed by
gene set enrichment analysis. Quantitative PCR was
performed in patients with AH (n¼40), hepatitis C
(n¼18), non-alcoholic steatohepatitis (n¼20) and in
mouse models of acute and chronic liver injury. Protein
expression was assessed by immunohistochemistry and
western blotting.
Results Gene expression analysis showed 207 genes
>5-fold differentially expressed in patients with AH and
revealed seven pathways differentially regulated
including ‘cytokineecytokine receptor interaction’.
Several tumour necrosis factor (TNF) superfamily
receptors, but not ligands, were overexpressed in AH.
Importantly, Fn14 was the only TNF superfamily receptor
exclusively upregulated in AH compared with other liver
diseases and correlated with both 90-day mortality and
severity of portal hypertension. Fn14 protein expression
was detected in areas of ﬁbrogenesis and in a population
of hepatocytes. Fn14 expression was increased in
experimental models of liver injury and was detected in
progenitor cells.
Conclusion Translational research revealed that TNF
superfamily receptors are overexpressed in AH. Fn14,
the receptor for TNF-like weak inducer of apoptosis, is
selectively upregulated in patients with AH. TNF
superfamily receptors could represent a potential target
for therapy.
INTRODUCTION
Alcoholic hepatitis (AH) is the most severe form of
alcoholic liver disease (ALD).1 It is characterised by
hepatocellular damage, steatosis and pericellular
ﬁbrosis. Patients with severe AH have a poor short-
term prognosis.2 Current therapies are not fully
effective and novel targeted therapies are needed.
The development of such therapies is hampered by
a poor knowledge of the molecular mechanisms.
Based on animal models,3e6 tumour necrosis factor
(TNF)a was proposed to play a pivotal role in
AH.3e9 Consequently, drugs interfering TNFa were
tested in these patients10 11 but the results were
disappointing due to an increased incidence of
severe bacterial infections.12 There are no experi-
mental models that mimic the main ﬁndings of AH
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Signiﬁcance of this study
What is already known about the subject?
< Alcoholic hepatitis (AH) is a severe form of
alcoholic liver diseases that carries a poor
short-term prognosis.
< Current therapies to treat AH (eg, corticoste-
roids) are not fully effective in many patients
and targeted therapies are urgently needed.
< CXC chemokines are overexpressed in livers
from patients with AH and may represent novel
targets for therapy.
< Tumour necrosis factor a is overexpressed in
animal models of moderate alcoholic liver
disease.
What are the new ﬁndings?
< There are seven pathways differentially regu-
lated in patients with alcoholic hepatitis (AH)
compared with normal livers including ‘focal
adhesion’, ‘cell cycle’ and ‘cytokineecytokine
receptor interaction’.
< Tumour necrosis factor (TNF) superfamily
receptors, but not ligands, are markedly over-
expressed in patients with AH.
< Fn14 is the only TNF superfamily receptor
exclusively upregulated in AH compared with
other liver diseases and correlates with both
90-day mortality and severity of portal
hypertension.
How might it impact on clinical practice in the
foreseeable future?
< The identiﬁcation of potential novel targets for
therapy will stimulate the development of new
targeted therapies for this severe clinical
condition and will help the design of new
clinical trials.
Hepatology
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in humans. To overcome this limitation, translational studies
with human samples are required.13
Microarray analysis using high-throughput screening tech-
nology has emerged as an important tool to study gene
expression patterns and molecular events in complex diseases.14
Functional interpretation of microarray data is currently
performed using different softwares.15 Gene proﬁling analysis
has been performed in different types of chronic liver
diseases.16e18 Here, we use modern informatics tools to perform
a functional analysis capable of identifying the pathways
implicated in the pathogenesis of AH. We studied a series of
biopsy-proven AH and fragments of normal livers and identiﬁed
different pathways that may play a pathogenic role, including
‘cytokineecytokine receptor interaction’. A detailed analysis
allowed us the identiﬁcation of the TNF superfamily as
a potential disease driver. The TNF superfamily contains
a variety of cytokines and receptors that activate signalling
pathways regulating cell survival, death and differentiation. The
most relevant agonists include TNFa, TNF-like weak inducer of
apoptosis (TWEAK) and Fas ligand. Studies from experimental
models of alcoholic liver injury have implicated TNFa, Fas ligand
and their receptors in liver damage and remodelling.4 5 19 20 Little
is known on the role of TWEAK and its speciﬁc receptor Fn14.
Activation of Fn14 controls many cellular activities including
proliferation, migration, differentiation, apoptosis, angiogenesis
and inﬂammation.21 Moreover, experimental evidence indicates
that the TWEAKeFn14 axis is implicated in progenitor cell
expansion and liver regeneration.22 23
MATERIALS AND METHODS
Patients
Patients admitted to the Liver Unit of the Hospital Clínic,
Barcelona (2007e2009), with clinical, analytical and histological
features of AH were prospectively included. The inclusion criteria
have been previously described.13 24 25 All patients had histolog-
ical diagnosis of AH. Patients with malignancies or any other
potential cause of liver disease were excluded from the study.
Liver biopsies were obtained using a transjugular approach. As
controls, we included patients with chronic hepatitis C-induced
liver disease (HCV) (n¼18). All patients had HCV genotype 1
and did not receive previous antiviral treatment. We also included
a cohort of patients with morbid obesity and associated non-
alcoholic steatohepatitis (NASH) (n¼20) according to Kleiner ’s
criteria (supplementary table 1).26 A laparoscopic liver biopsy was
obtained in these patients during bariatric surgery. In all patients,
liver specimens were analysed by an expert liver pathologist and
a part of the biopsy was submerged into a RNA stabilisation
solution (RNAlater, Ambion, Austin, Texas, USA). The protocol
was conformed to the ethical guidelines of the 1975 Declaration
of Helsinki and was approved by the Ethics Committee of the
Hospital Clinic of Barcelona and only patients with signed
informed consent were included.
Selection of fragments of normal human livers
Fragments of normal livers were obtained from optimal cadav-
eric liver donors (n¼3) or resection of liver metastases (n¼4). All
controls had normal serum aminotransferase levels and normal
liver histology (supplementary table 2). Criteria to obtain
normal livers were: (1) no past history of liver disease, alcohol
abuse or metabolic syndrome; (2) absence of maintained arterial
hypotension before laparotomy; (3) normal serum levels of
aminotransferases; (4) time of brain death to laparotomy less
than 12 h; (5) normal liver histology; (6) no use of vasodilator
drugs; and (7) liver specimens obtained immediately after lapa-
rotomy and before vascular clamp. Samples obtained during
resection of liver metastasis were obtained at a minimum
distance of 5 cm from the tumour.
Microarray studies and functional analysis of microarray data
A subset of patients with severe AH based on clinical criteria
(Maddrey ’s discriminant function >32) (n¼15) was randomly
selected to perform DNA microarray analysis. The epidemio-
logical, clinical and analytical characteristics of this subset of
patients were representative of the whole series of patients
(n¼40, table 1). High quality RNA samples were hybridised to
GeneChips (Affymetrix Hgu133plus, Affymetrix, Santa Clara,
California, USA) and a functional analysis was performed with
the resulting data (see details in supplementary Materials and
methods).
Real-time PCR
Quantitative real-time PCR (qPCR) was performed as previously
described using commercial primer-probe pairs (Applied Biosys-
tems, Foster City, California, USA) for CXCL3, CXCL4, CXCL5,
CXCL6, CXCL10, Fas, TNFRSF12A (Fn14), CXCL1 (Gro-a),
IL-8, CCL2 (MCP-1), osteoprotegerin, CCL5, TNFa, TNFRSF1,
TRAF1, TRAF3, TRAILR1 and TNFSF12 (TWEAK).27 Data
were normalised to 18s and gene expression values were
calculated based on the ΔΔCt method. The results were
expressed as 2DDCt.
Immunohistochemistry
Parafﬁn-embedded liver sections were incubated with anti-Fn14
(1:40 overnight at 48C, Abcam, Cambridge, UK), anti-epithelial
cell adhesion molecule (EpCAM) (1:100 for 2 h at room
temperature, Dako, Glostrup, Denmark), anti-pan-cytokeratin
(1:4000 for 1 h at room temperature, Dako) and NF-kB p65 (1:50
overnight at 48C, Cell Signalling, Beverly, Massachusetts, USA)
primary antibodies.
Table 1 Clinical, analytical and hepatic haemodynamic characteristics
of patients with alcoholic hepatitis (AH, n¼40)
Variables Mean±SE or percentage
Age (years) 4961
Male (%) 65
Maddrey’s discriminant function 5966
MELD score 2261
ABIC score 7.6560.19
Alcohol intake (gr/d) 10765
90-day mortality (%) 28
Glucose (mg/dl) 11165
Creatinine (mg/dl) 0.8460.06
AST (U/L) 155612
ALT (U/L) 6165
GGT (U/L) 600683
Bilirubin (mg/dl) 12.561.21
Albumin (mg/dl) 26.260.55
Platelet count (3109) 139614
Leucocytes count (3109/l) 10.0467.43
Neutrophils count (%) 7468.32
INR 1.9260.12
HVPG (mm Hg) 19.561
Cirrhosis (%) 60
Severe AH (%)* 77.5
*Severe AH was deﬁned as an ABIC score $6.71 points.
MELD, Model for End-stage Liver Disease; ABIC, Age-Bilirubin-INR-Creatinine score;
ALT, alanine aminotransferase; AST, aspartate aminotransferse; GGT, gamma glutamyl
transpeptidase; INR, international normalised rate; HVPG, hepatic venous pressure gradient.
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Western blot
Western blot studies were performed using standard procedures.
Membranes were incubated with antibodies against AKT,
phospho-AKT (Ser473), p38 MAP Kinase, phospho-p38 MAPK
(Thr180/Tyr182) (Cell Signaling) and reprobed with GAPDH
(Abcam). After washes, membranes were incubated with
horseradish peroxidase-conjugated secondary antibody. Proteins
were detected by enhanced chemiluminescence (Biological
Industries, Beit-Haemek, Israel).
High precision-cut liver slices of mice livers
Male C57BL/6 mice were used to obtain 250 mm slices from
fresh liver sections using a Vibratome VT1000S (Leica Micro-
systems, Wetzlar, Germany). Samples were washed in PBS,
soaked in 4% agarose solution (Ultrapure LMP Agarose, Invi-
trogen, Carlsbad, California, USA) for 20 min, and then orien-
tated, mounted and immobilised using cyanoacrylate glue.
Tissue slices were placed on organotypic tissue culture plate
inserts for up to 24 h (Millicell-CM; Millipore, Massachusetts,
USA). Tissues were maintained at 378C in a 5% CO2 humidiﬁed
incubator using 1.1 ml of Williams’Medium E (Sigma-Aldrich,
St. Louis, Missouri, USA) supplemented with 1% inactivated
fetal bovine serum, 2 mM L-Glutamine, 50 U/ml penicillin,
50 mg/ml streptomycin, 0.1 mM insulin, 15 mM HEPES and
50 mM b-mercaptoetanol for up to 48 h. After 24 h in culture,
tissue slices were incubated with TWEAK (R&D Systems,
Minneapolis, Minnesota, USA), TGFb1 (Sigma-Aldrich), TNFa
(R&D Systems) and lipopolysaccharide (LPS, Sigma-Aldrich) for
24 h. Slices were then transferred to a 1.5 ml tube and homo-
genised with a polypropylene pestle in 1 ml TrizolReagent and
total RNA was obtained.
Experimental mouse models
Different models of acute and chronic liver injury were
performed including carbon tetrachloride (CCl4), 3,5-diethox-
ycarbonyl-1,4-dihydro-collidin (DDC) and acetaminophen
administration (see supplementary Materials and methods for
details). Moreover, we used a model of acute and acute-on-
chronic ethanol-induced liver injury. In the acute model, male
Balb/c mice (n¼10) were fasted for 8 h with free access to water
and then gavaged a single dose of 50% ethanol (5 g/kg body
weight) or water. Animals were sacriﬁced 8 h after gavage. In the
acute-on-chronic model, male Balb/c mice (n¼10) were intra-
peritoneally administered with CCl4 (Sigma-Aldrich; diluted
1:4 in oil) or vehicle (oil) at a dose of 0.5 ml/kg body weight
twice per week for a total of ﬁve injections. Two days after
the last CCl4 injection, mice were fasted for 8 h with free access
to water, and then they were gavaged a single dose of 50%
ethanol (5 g/kg body weight) or water and sacriﬁced 8 h after
gavage.
In all animal models, livers were excised and collected for RNA
extraction and immunohistochemistry. All animal procedures
were approved by the Ethics Committee of Animal Experi-
mentation of the University of Barcelona and were conducted in
accordance with the National Institutes of Health Guide for the
Care and Use of Laboratory Animals.
Statistical analysis
Continuous variables were described as means (6SE) and were
compared using Student t test or ManneWhitney U test, as
appropriate, depending on their normality test. Differences
between categorical variables were assessed by Fisher ’s exact test
or the c2 test with Yates correction for continuity, when
necessary.
Correlations between variables were evaluated using Spear-
man’s r or Pearson’s r, when appropriate. In order to identify
those molecules associated with short-term mortality (90 days)
we ﬁtted a Cox univariate regression analysis. We did not
perform a multivariate Cox regression analysis because of the
high risk of overﬁtting due to the scarce numbers of events
(n¼11) in our sample, according to a proportion rule of vari-
ables/events of 1:10.
The area under the receiver characteristic curve (AUROC)
analysis was used to determine the best cut-off value and the
accuracy (sensitivity and speciﬁcity) of continuous variables
associated with 90-day mortality. Finally, we performed
a comparative risk analysis using the KaplaneMeier method.
Comparisons were performed by the log-rank test. All statistical
analyses were performed using SPSS V.14.0 for Windows
(SPSS Inc.).
RESULTS
General characteristics of patients
We prospectively included 40 patients with clinical, analytical
and histological characteristics of AH. Thirty patients (75%)
developed at least one major complication during hospital-
isation: two-thirds presented ascites and almost a half of the
patients developed bacterial infections, whereas only a minority
developed renal failure, encephalopathy or variceal haemorrhage.
The majority of patients had severe sinusoidal portal hyper-
tension and 78% were classiﬁed as severe AH (ABIC score >6.71)
at admission (for ABIC score calculation see: http://www.lille-
model.com/score.asp?score¼abic).25 The majority of patients
had moderate or severe steatosis (69%) of diffuse distribution,
marked hepatocyte ballooning (61%) and marked necro-inﬂam-
mation (37%). The main general characteristics of patients are
depicted in table 1.
Unsupervised hierarchical clustering analysis
Gene expression proﬁle analysis was ﬁrst assessed in a represen-
tative subgroup of patients with severe AH (n¼15) that was
obtained from the original cohort (n¼40). This analysis revealed
207 genes >5-fold differentially regulated in patients with AH
compared with controls. The most upregulated genes that were
differentially regulated are shown in table 2. Unsupervised clus-
tering analysis allowed a clear differentiation in gene expression
between livers with AH and controls (p<0.001) (ﬁgure 1). All
patients with AH clustered together and showed a homogeneous
pattern of gene expression. Functional analysis assessed using the
gene set enrichment analysis program and the Kyoto Encyclo-
pedia of Genes and Genomes pathway database revealed seven
pathways differentially regulated in patients with AH including
the cytokineecytokine receptor interaction pathway (table 3).
Full microarray data have been deposited in NCBI’s Gene
Expression Omnibus (accession number GSE28619).
Analysis of the cytokineecytokine receptor interaction pathway
in different types of chronic liver diseases
Because cytokines are currently considered potential targets of
therapy in patients with AH, we focused on the cytokinee
cytokine receptor interaction pathway (ﬁgure 2). First, the
microarray data conﬁrmed previous results from our group
indicating that CXC chemokines are markedly overexpressed in
AH.13 24 Second, we found that some CC chemokines including
MCP-1 were upregulated in these patients while others remained
unchanged. Interestingly, none of the agonists belonging to the
TNF superfamily (including TNFa and Fas ligand) were differ-
ently expressed in livers with AH. In contrast, several TNF
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superfamily receptors (eg, FAS, TRAILR1 and Fn14) were
markedly overexpressed. To conﬁrm the results obtained in the
microarray analysis, we measured the expression of selected
genes by quantitative PCR in our series of patients with AH
(n¼40) and in patients with other liver diseases including
chronic hepatitis C (n¼18) and NASH (n¼20). Validated genes
included seven CXC and two CC chemokines and genes
belonging to the TNF superfamily (Fas, Fn14, TNFa, TNFRSF1
and TRAILR1). The expression of the selected genes assessed by
qPCR corroborated the results obtained with the microarray
studies (p<0.01 for all). Among TNF receptor superfamily, both
Fn14 and TRAILR1 were markedly overexpressed in AH
compared with normal livers (p<0.001) (ﬁgure 3A). Importantly,
the only TNF superfamily receptor exclusively overexpressed in
AH was Fn14. Fn14 was nearly 20-fold overexpressed in AH,
downregulated in chronic hepatitis C and unchanged in NASH,
Table 2 Most relevant genes differentially expressed in patients with
alcoholic hepatitis compared with controls
Accession N8 Gene name Fold expression
Extracellular matrix/ﬁbrosis
M 83248 Osteopontin 67.17
AW190565 Lysyl oxidase-like 4 39.95
NM_000089 Collagen, type I, a 2 38.23
NM_005764 PDZK1 interacting protein 1 35.08
NM_002423 Matrix metallopeptidase 7 28.70
NM_003247 Thrombospondin 2 16.69
K01228 Collagen, type I, a 1 14.97
N30339 Collagen, type V, a 1 14.49
BC001388 Annexin A2 12.72
NM_001845 Collagen, type IV, a 1 10.54
NM_003254 TIMP metallopeptidase inhibitor 1 8.88
AU146808 Collagen, type III, a 1 8.76
X05610 Collagen, type IV, a 2 7.65
AK026829 Laminin, a 2 6.70
NM_000393 Collagen, type V, a 2 6.18
Inﬂammation/immunity
NM_004591 Chemokine (C-C motif) ligand 20 90.21
NM_002993 Chemokine (C-X-C motif) ligand 6 45.70
NM_004221 Interleukin 32 15.37
NM_000584 Interleukin 8 14.90
NM_016639 Tumour necrosis factor receptor
superfamily, member 12A (Fn14)
10.32
NM_001511 Chemokine CXC ligand 1 (Gro-a) 9.42
NM_001565 Chemokine CXC ligand 10 6.99
AI817041 Chemokine CXC receptor 7 5.32
Cell communication/cell cycle/apoptosis
NM_015515 Keratin 23 (histone deacetylase inducible) 126.81
BG327863 CD24 molecule 21.29
BC002700 Keratin 7 15.26
NM_002276 Keratin 19 6.41
NM_000224 Keratin 18 5.06
Other functions
NM_020299 Aldo-keto reductase family 1, member B10 484.19
NM_005564 Lipocalin 2 56.66
NM_006398 Ubiquitin D 56.64
NM_016548 Golgi membrane protein 1 31.50
J04152 Tumour-associated calcium signal
transducer 2
22.40
NM_002354 Tumour-associated calcium signal
transducer 1
17.49
NM_000903 NAD(P)H dehydrogenase, quinone 1 16.91
AL514445 Regulator of G-protein signalling 4 15.65
NM_001442 Fatty acid binding protein 4, adipocyte 15.32
NM_005980 S100 calcium binding protein P 10.50
Figure 1 Microarray data of patients with alcoholic hepatitis (n¼15)
compared with control livers (n¼7). The intensity of each colour denotes
the standardised ratio between each value and the average expression of
each gene across all samples. Red coloured pixels correspond to an
increased abundance of the transcript in the indicated sample, whereas
green pixels indicate decreased transcript levels.
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suggesting that it may play a speciﬁc role in AH. Moreover, we
conﬁrmed that TNFa, FAS and TNFRSF1 are not increased in
our series of patients with AH compared with normal livers.
While TNFawas increased in chronic hepatitis C (p¼0.0002) and
NASH (p¼0.02), TNFRSF1 and FAS were exclusively upregu-
lated in patients with NASH (p<0.0005). Finally, we measured
the expression of TNFR-associated factor (TRAF) consensus
binding motif contained in the cytoplasmic tail of most of the
TNFR superfamily members including Fn14.21 We found that
TRAF3, but not TRAF1, was increased in AH (ﬁgure 3A).
Relationship between Fn14 and short-term prognosis in patients
with AH
Because Fn14 was the only TNF superfamily receptor exclu-
sively overexpressed in AH (ﬁgure 3A), we next explored the
correlation between Fn14 hepatic expression and key clinical
events. We explored whether baseline hepatic expression of
Fn14 correlates with short-term survival in patients with AH.
Cox regression analysis showed that hepatic gene expression of
Fn14 (HR: 1.05, 95% CI 1.00 to 1.11, p¼0.03), IL-8 (HR: 1.14,
95% CI 1.02 to 1.26, p¼0.019), CXCL-5 (HR: 1.01, 95% CI
1.004 to 1.02, p¼0.006), CXCL1 (HR: 1.001, 95% 1.00 to 1.003,
p¼0.018) and CXCL6 (HR: 1.01, 95% CI 1.004 to 1.03,
p¼0.009) was associated with 90-day mortality. The best cut-
off level for Fn14 gene expression was 22 (2DDCt) (AUROC:
0.72; sensitivity 75% and speciﬁcity 62%, data not shown).
KaplaneMeier survival analysis was performed to compare 90-
day mortality according to hepatic expression of Fn14 in
patients with AH. Patients with higher Fn14 gene expression
(>22) had worse 90-day survival than patients with lower
hepatic gene expression (p¼0.02) (ﬁgure 3B). We next explored
whether Fn14 expression correlated with the degree of portal
hypertension, a major determinant of mortality in patients
with AH. Patients with high (>22-fold-expression) Fn14 gene
expression showed more severe portal hypertension than
patients with low expression (<22-fold-expression) (HVPG
21.562 vs 17.561 mm Hg, respectively; p¼0.04) (ﬁgure 3C).
Importantly, Fn14 and TRAILR1 hepatic gene expression
correlated with the ABIC score, a system that identiﬁes
patients with severe disease (r¼0.44, p¼0.01 and r¼0.41,
p¼0.02, respectively). In addition, hepatic gene expression of
Fn14 positively correlated with most of CXC chemokines gene
expression (supplementary ﬁgure 1). Collectively, these results
suggest that Fn14 could be implicated in the pathogenesis of
disease severity in AH.
Immunohistochemistry analysis of Fn14 expression in patients
with AH
We next studied Fn14 at the protein level. Fn14 staining was
barely detected in normal human livers while it was mainly
Table 3 Biological pathways for differentially expressed genes in
patients with alcoholic hepatitis revealed in the functional analysis
Pathways ID Involved genes FDR
Focal adhesion HSA04510 58 0.03
Cell cycle HSA04110 49 0.05
Cytokineecytokine receptor interaction HSA04060 33 0.05
Cell communication HSA01430 24 0.01
Extracellular matrixereceptor interaction HSA04512 24 0.01
Aminoacyl-tRNA biosynthesis HSA00970 23 0.17
GAP junction HSA04540 15 0.14
FDR, false discovery rates
Figure 2 Gene expression of the
members of ‘cytokineecytokine
receptor interaction’ pathway in
patients with alcoholic hepatitis (AH). In
grey colour, ligands and receptors that
were found upregulated in patients with
AH.
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expressed in parenchymal cells around the ﬁbrogenic areas in
patients with AH (ﬁgure 4A,B). Because Fn14 has been reported
to be expressed in progenitor cells in damaged tissues22 23 we
next explored whether Fn14 was expressed in progenitor cells or
in hepatocytes that derive from these cells. For this purpose,
sequential liver sections from patients with AH were stained
with anti-Fn14, anti-pan-cytokeratin (a marker of progenitor
cells) and anti-EpCAM, a surface marker of human hepatic
progenitor cells that is also expressed in newly generated hepa-
tocytes derived from progenitor cells but not in mature
Figure 3 (A) Fn14, TNFa, TNFRSF1, TRAILR1 and FAS gene expression in patients with alcoholic hepatitis (AH) (n¼40), HCV (n¼18) and non-
alcoholic steatohepatitis (NASH) (n¼20) compared with normal livers (n¼7) (*p<0.05; **p<0.005; #p<0.0005); TRAF1 and TRAF3 gene expression
in patients with AH compared with normal livers (*p<0.05). (B) KaplaneMeier curve showing 90-day survival according to Fn14 gene expression at
baseline. A value of 22-fold expression with respect to controls was identiﬁed as the cut-off value with better sensitivity and speciﬁcity to deﬁne
patients with low and high Fn14 gene expression. (C) Severity of portal hypertension among patients with low (<22-fold) and high (>22-fold) Fn14
gene expression (*p¼0.04).
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hepatocytes.28 Fn14 was expressed in hepatocytes at the edge of
regenerative nodules colocalising with EpCAM positive cells
(ﬁgure 4C,D) and it was expressed only in a subpopulation of
pan-cytokeratin positive cells (ﬁgure 4E,F). These results suggest
that Fn14 is mainly expressed in a fraction of hepatocytes and in
a subpopulation of progenitor cells in patients with AH.
Expression of Fn14 in experimental models and in precision-cut
liver slices in mice
Because there are no animal models of severe AH, we next
explored the expression of Fn14 in mouse models of acute and
chronic liver injury. Well-established animal models of acute and
chronic liver injury were performed. Fn14 gene expression
(p<0.05) was increased in mice treated with CCl4, DDC diet and
acute acetaminophen, but not by chronic administration of CCl4
(ﬁgure 5A). Remarkably, overexpression of Fn14 was higher in
the acetaminophen and DDC treated animals, two animal
models of liver injury that are characterised by the expansion of
liver progenitor cells. Immunohistochemical studies showed
that Fn14 was expressed in progenitor cells (ﬁgure 5B) and
weakly expressed in a subpopulation of hepatocytes. These
results are in accordance with previous studies describing the
expression of Fn14 in liver progenitor cells.22 23
We next studied the expression of Fn14 in an experimental
model of acute and acute-on-chronic alcohol-induced liver
damage. Acute ethanol exposure strongly induced Fn14 gene
expression (ﬁgure 5C) but not other TNFa superfamily members
including TNFa, TRAIL and TWEAK (data not shown). In the
acute-on-chronic model, Fn14 was also increased, but in a lesser
extent than in the purely acute model (ﬁgure 5C). Moreover, we
studied several signalling pathways potentially implicated in
Fn14-induced biological effects. We found that p38, AKT and
NF-kB p65 were activated in the livers of animals exposed to
ethanol compared with control mice (ﬁgure 5D,E).
We ﬁnally used high precision-cut liver slices from mice livers
to investigate which mediators are involved in Fn14 upregula-
tion in the injured liver. Liver slices were exposed to inﬂamma-
tory mediators involved in the pathogenesis of AH (LPS and
TNFa) as well as TWEAK and TGFb1, a major ﬁbrogenic
mediator. Incubation of liver slices with LPS, TNFa and TWEAK
did not increase Fn14 gene expression, while TGFb1 increased its
expression (ﬁgure 5E).
DISCUSSION
The current study investigates the hepatic gene expression
proﬁle in patients with AH using a high-throughput approach.
We performed a functional analysis of the hepatic tran-
scriptome, which allowed us to identify several pathways
potentially implicated in the pathogenesis of this devastating
medical condition. Besides conﬁrming some previous data13 24
we provide evidence that other novel biological pathways such
as ‘TNF superfamily receptors’ and ‘ECM (extracellular
matrix)ereceptors interaction’ are potentially implicated in this
disease. The results of this study could be relevant, since it could
provide useful human data to research groups devoted to the
study of ALD. Importantly, some of the results obtained in our
study differ from those obtained in rodents exposed to alcohol
(ie, the lack of hepatic upregulation of TNFa and its speciﬁc
receptors).4 5 These discrepancies between human and experi-
mental data reinforce the need to develop an experimental model
that reproduces all the features of AH.
Because current therapies (ie, corticosteroids) are not effective
in many patients with severe AH,29 30 targeted therapies are
urgently needed. In the absence of a well-accepted model of AH
in rodents, studies in human samples seem mandatory. Our
translational approach to identify novel therapies consists of
analysing gene expression in the livers from patients with
biopsy-proven AH. In all patients, liver specimens were obtained
using a transjugular approach by an experienced team, which
also allowed the measurement of portal pressure. We selected
carefully the patients so it was not surprising that gene
expression pattern was quite homogeneous throughout our
series. It is important to stress that the study was performed in
patients with the most severe form of ALD. Whether the results
obtained in our study also apply to patients with moderate
forms of ALD is unknown and deserves further investigation.
A functional analysis revealed a homogeneous pattern of
altered hepatic gene expression in patients with AH. This
pattern allowed the identiﬁcation of several pathways impli-
cated in AH including cytokineecytokine receptor interaction. A
detailed analysis of these pathways revealed relevant informa-
tion. First, we conﬁrmed previous data from our laboratory
suggesting that CXC chemokines such as Gro-a and IL-8 may
play a major role in AH.13 24 Second, we provide evidence that
some selected CC chemokines such MCP-1 are also differentially
regulated in these patients. This ﬁnding could be relevant since
we previously found a marked lymphocytic inﬁltration in livers
with AH, which is the hallmark biological property of CC
chemokines.13 We are currently investigating the functional role
of this type of chemokines in our laboratory. Most importantly,
data obtained in the microarray analysis and quantitative PCR
Figure 4 (A) Representative photomicrograph of a normal liver staining
for Fn14 (2003 magniﬁcation); (B) Representative photomicrograph of
a liver with alcoholic hepatitis (AH) stained with anti-Fn14 (original
magniﬁcation, 3400); (C, D) Immunohistochemistry of consecutive
slices of livers with AH stained with anti-Fn14 and anti-EpCAM,
respectively (original magniﬁcation, 3200); (E, F) Immunohistochem-
istry of consecutive slices of livers with AH stained with anti-Fn14 and
anti-pan-cytokeratin antibodies, respectively (original magniﬁcation,
3200).
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studies corroborated previous results showing that TNFa is not
differentially expressed in livers with AH. Therefore, we think
that the current paradigm that TNFa plays a pivotal role in
severe cases of ALD may be revised. These results could have
important therapeutic implications, since they can explain, at
least in part, why TNFa blocking agents are ineffective in these
patients.12
The most striking ﬁnding of our study was the marked
upregulation of several receptors belonging to the TNF super-
family such as Fn14, TRAILR1 and FAS in patients with AH. In
contrast, none of the ligands including TWEAK, TRAIL, FAS
ligand and TNFa were differentially regulated. Interestingly, we
found that Fn14 was the only receptor exclusively overexpressed
in patients with AH, while TRAILR1 was overexpressed in AH
and NASH and TNFRSF1 and FAS were exclusively upregulated
in NASH. Because of the speciﬁc overexpression of Fn14 in AH
patients, we decided to further explore this TNF receptor. We
ﬁrst investigated whether Fn14 hepatic expression at admission
predicts mortality in patients with AH. Fn14 expression was
markedly associated with mortality rate at 3 months, suggesting
a potential pathogenic role for this receptor in the pathogenesis
of AH.
Fn14 is the receptor for TWEAK, a cytokine belonging to the
TNF superfamily that has powerful biological properties.31
Importantly, Fn14 is also able to signal in a ligand-independent
manner when it is ectopically overexpressed in vitro.21 We
hypothesise that in AH, Fn14 could act in a TWEAK-indepen-
dent manner. In fact, experimental studies in precision-cut liver
slices from mice showed that TWEAK did not induce Fn14 gene
expression even if capable of inducing other pro-ﬁbrogenic and
pro-inﬂammatory genes in the liver (supplementary ﬁgure 2).
Moreover, TWEAK serum levels were not increased in patients
with AH. The mechanisms leading to Fn14 upregulation in AH
are actually unknown. We showed that TGFb1, a proﬁbrogenic
cytokine markedly increased in AH, increases hepatic expression
of Fn14. This effect was not induced by TNFa, TWEAK and LPS,
Figure 5 (A) Hepatic Fn14 gene
expression in mice with chronic and
acute CCl4 administration and DDC diet
treated and receiving acetaminophen
(APAP) mice (see supplementary
Materials and methods) (*p<0.05 with
respect to controls); (B) Fn14 hepatic
protein expression in control mice and
in mice treated with APAP; Fn14
expression was detected in progenitor
cells (arrows) and was weakly
expressed in some hepatocytes
(original magniﬁcation, 3400); (C)
Hepatic Fn14 gene expression from
mice with CCl4 administration, CCl4 plus
binge ethanol (EtOH) gavage and binge
EtOH gavage (see Materials and
methods) (*p<0.05 with respect to
controls); (D) Western blot analysis
from the same groups of mice showed
in (C). Representative western blot of
phospho-p38 MAPK (Thr180/Tyr182),
p38 MAP Kinase, phospho-AKT
(Ser473) and AKT reprobed with
GAPDH; (E) Representative
immunohistochemical images of control
and gavage EtOH administrated mice
(2003 magniﬁcation) using anti-NF-kB
p65 antibody; NF-kB p65 was strongly
activated in the liver of mice gavaged
with EtOH in progenitor cells and in
some hepatocytes as well as in
inﬂammatory cells (arrows); (F) Fn14
hepatic gene expression in mice high
precision-cut liver slices exposed to
different mediators including TWEAK,
TNFa, LPS and TGFb1. TGFb1 was the
only mediator that increased Fn14 gene
expression (*p<0.05).
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suggesting that ﬁbrogenic, rather than inﬂammatory mediators,
could regulate Fn14 hepatic expression.
Recent data from our laboratory indicate that liver regenera-
tion is probably impaired in patients with AH.27 Accumulation
of hepatic progenitor cells correlates with patient mortality,
suggesting a defect in the maturation process that generates
functional hepatocytes in these patients. Because Fn14 is
expressed in progenitor cells in damaged tissues,22 23 we explored
whether Fn14 is also expressed in experimental models charac-
terised by acute and chronic liver damage and progenitor cell
expansion. In both models, we found a marked expression of
Fn14. This ﬁnding, together with the colocalisation of Fn14
with progenitor cells and newly generated hepatocytes derived
from progenitor cells in livers from patients with AH, suggests
a potential role for this receptor in progenitor cell differentiation.
Importantly, ethanol administration to mice resulted in
increased Fn14 expression, suggesting that alcohol abuse stim-
ulates Fn14 expression in the liver. Functional studies modifying
Fn14 expression in an animal model of AH are required to
delineate the precise role of this pathway in AH.
In conclusion, our study demonstrates that several pathways,
including the cytokineecytokine receptor interaction, may play
a role in AH in humans. Among genes belonging to this
pathway, we found that TNFa superfamily receptors are
markedly upregulated. One of these receptors, Fn14, was
exclusively overexpressed in AH compared with other types of
chronic liver diseases and to control livers. Fn14 hepatic
expression correlated with disease severity and degree of portal
hypertension. Future studies in animal models of acute AH
are required to delineate the role of Fn14 in liver injury and
regeneration in this severe liver disease.
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SUPPLEMENTARY MATERIALS AND METHODS 
Microarray studies 
High quality RNA samples were hybridized to GeneChips (Affymetrix Hgu133plus 
Affymetrix, Santa Clara, CA). Briefly, 2 μg of total RNA were used to generate double 
strand cDNA using an oligo dT- primer containing the T7 RNA polymerase promoter 
site and the SuperScript Choice System kit (Invitrogen, CA, USA).  cDNA was purified 
by the GeneChip Sample Clean Up Module, followed by in vitro synthesis of 
biotinylated cRNA using the BioArray High Yield RNA transcription kit (Affymetrix). The 
resulting cRNA was purified and fragmented and 15 μg were hybridized to Human 
Genome U133A plus 2.0 GeneChip for 16 hours, at 45ºC and 30 g. The arrays were 
then washed and labelled with streptavidin-phycoerythrin (SAPE), and the signal was 
amplified with an anti-streptavidin biotinylated antibody followed by a second round of 
staining with SAPE using an Affymetrix fluidics station 450. Finally, the labelled arrays 
were scanned with a GeneChip scanner 3000 (Affymetrix). Microarray data were 
normalized using the guanidine-cytosine content-adjusted robust multiarray algorithm, 
which computes expression values from probe-intensity values incorporating probe-
sequence information.[1] Next, we employed a conservative probe-filtering step 
excluding those probes not reaching a log2 expression value of 5 in at least one 
sample, which resulted in the selection of a total of 19,152 probes out of the original 
54,675 set.  
 
Functional analysis of microarray data 
Differential expression was assessed by using linear models and empirical Bayes 
moderated t-statistics. Linear Models for Microarray Analysis (LIMMA) R-package 
software was used for the analysis of gene expression microarray data.[2] Two group 
comparisons and determinations of false discovery rates (FDR computation using 
Benjamini-Hochberg procedure) were performed and FDR values ≤ 0.05 were deemed 
potentially significant and selected for further study. Gene set enrichment analysis 
 2 
program (GSEA) was employed to identify biological pathways significantly associated 
with the different phenotype in the study.[3] For the current analysis, gene sets were 
extracted from Molecular Signature Database (MSigDB v.2-0): C2-KEGG, C2-Biocarta, 
C2-Genmapp, C3 (gene sets containing genes that share transcription factor or 
microRNA binding motifs) and C5 (Gene Ontology terms) of MSigDB. Analysis was 
based on a t-test and a weighted scoring scheme with 1000 permutations on gene 
sets. Only gene sets with more than 15 genes were included in the analysis. 
 
Supplementary Real-time polymerase chain reaction analysis 
Quantitative real-time PCR (qPCR) was performed as previously described using  
commercial  primer-probe pairs (Applied Biosystems, Foster City, CA) for TNFRSF12A 
(Fn14), CCL2 (MCP-1), IL-6, ICAM1, Col1a1, TGF, TNF.[4] Data were normalized to 
18s and gene expression values were calculated based on the ∆∆Ct method. The 
results were expressed as 2-Ct. 
 
Experimental mouse models  
Male and female C57BL/6 mice 6-8 weeks aged, and male Balb/c mice 9 weeks aged 
(Charles River, l’Arbresle, France) were used for acute and chronic liver injury 
experiments. Male C57BL/6 mice (n=8) were intraperitoneally administered with carbon 
tetrachloride (CCl4 Sigma-Aldrich; diluted 1:5 in oil) or vehicle (oil) at a dose of 1 ml/kg 
body weight and were sacrificed 72 hours later. Female C57BL/6 mice (n=8) received 
crotaline (Sigma-Aldrich) or vehicle intraperitoneal injections at a dose of 50 mg/kg 
every two weeks for a total of 2 injections. Two weeks after the last crotaline 
administration, mice were fasted for 8 hours with free access to water and then 
intraperitoneally injected with acetaminophen (Sigma-Aldrich) or vehicle at a dose of 
500 mg/kg. Animals were sacrificed 48 hours after the last injection.[5] 
 3 
Diet treatment: Male C57BL/6 mice (n=8) were fed a 0.1% 3,5-diethoxycarbonyl-1,4-
dihydro-collidin (DDC) diet (Sigma-Aldrich) for up to 4 weeks.[6] Control mice (n=8) 
were fed a standard rodent chow (Harlan, Barcelona, Spain). 
       In all animal models, livers were excised and collected for RNA extraction and 
immunohistochemistry. All animal procedures were approved by the Ethics Committee 
of Animal Experimentation of the University of Barcelona and were conducted in 
accordance with the National Institutes of Health Guide for the Care and Use of 
Laboratory Animals. 
 
TWEAK serum levels  
TWEAK serum levels were measured in patients with AH (n=22), and healthy 
volunteers (n=7) using the Human TWEAK ELISA development Kit from PeproTech 
(Pepro Tech Inc,  Rocky Hill,  CT). 
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Supplementary Table 1. Clinical, virological and histological characteristics of patients 
with HCV and clinical, metabolic and histological characteristics of patients with NASH 
included in this study. 
 
 
 
 
Variables Mean ± SE or 
Percentage 
Mean ± SE or Percentage 
 HCV patients (n=18) NASH patients (n=20) 
Age (years) 52±2 47±2 
Male (%) 61 35 
BMI  50±2 
Glucose (mg/dl) 90±2 131±11 
HOMA 5±2.2 12±1.5 
Cholesterol  176±6 199±7 
Triglycerides  82±6 150±14 
AST (U/L) 87±11 40±4 
ALT (U/L) 110±13 58±7 
GGT (U/L) 59±10 50±8 
Bilirubin (mg/dl) 0.8±0.05 0.6±0.04 
Viral Load (units/ml) 3329177±1172794  
 
METAVIR score 
 
F0 n,(%) 
F1 n,(%) 
F2 n,(%) 
F3 n,(%) 
F4 n,(%) 
 
 
 
 
2 (11) 
2 (11) 
7 (39) 
1 (6) 
6 (33) 
 
 
 
7 (35) 
8 (40) 
1 (5) 
4 (20) 
0 (0) 
 
NAS score  
 
Steatosis n,(%) (0/1/2/3)  
Inflammation n, (%) (0/1/2/3)  
Hepatocyte damage n,(%) 
(0/1/2)  
 
Total score n, (%) (0-2/ 3-4/ 5-8) 
  
 
 
0 (0) /1 (5) / 8 (40) / 11 (55) 
3 (15) / 6 (30) / 5 (25) / 6 
(30) 
3 (15) / 10 (50) / 7 (35) 
 
0 (0) / 6 (30) / 14 (70) 
Supplementary Table 2. Clinical and analytical characteristics of healthy controls 
included in the microarray analysis. 
 
Clinical & Analytical Characteristics of health controls included in the array  
  Controls* 
Gender (%) Male 
Female 
4 (57) 
3 (43) 
Age (years)  51 (43-68) 
AST (U/L)  33 (27-63) 
ALT (U/L)  35 (22-71) 
Bilirubin (mg/dL)  0.6 (0.4-0.8) 
γGT (U/L)  47 (13-130) 
Albumin (mg/dl)  37 (32-42) 
Leukocytes (x109)  6.9 (4.7-9.7) 
Platelets (x109)  188 (170-219) 
INR  1,1 (1.0-1.2) 
Creatinine (mg/dl)  0.9 (0.7-1.7) 
MELD  5 (2-10) 
r=0.52,  P < 0.001 
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 SUPPLEMENTARY FIGURE LEGENDS 
 
Supplementary Figure 1. Correlation between hepatic gene expression of Fn14 and 
CXC chemokines in patients with AH.     
     
Supplementary Figure 2.  (A) TWEAK hepatic gene expression in normal livers and 
patients with AH, HCV and NASH; (B) TWEAK serum levels in patients with AH respect 
to normal controls (*p=0.001). (C) Effects of TWEAK stimulation on Fn14 gene 
expression in mice high precision-cut liver slices. (D,E) Effects of TWEAK (200 ng/ml 
and 1000 ng/ml) stimulation on pro-inflammatory and pro-fibrogenic gene expression 
(*p<0.05). 
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FIGURE LEGENDS 
 
Figure 1. CCL20 hepatic and serum levels in patients with AH. (A) CCL20 hepatic gene 
expression in patients with AH (n=32), NASH (n=8), HCV (n=8) and compensated cirrhosis (n=8) 
compared to normal livers (n=8) (*p<0.005 vs. normal livers, **p <0.001 vs. normal livers, #p 
<0.001 vs. other groups). (B) CCL20 serum levels (from peripheral blood) in patients with AH 
(n=49), HCV (n=8), compensated cirrhosis (n=15) and healthy controls (n=8) (*p<0.005 vs. 
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controls, **p<0.001 vs. controls, #p<0.001 vs. other groups). (C) Correlation between CCL20 
hepatic gene expression and CCL20 serum levels in patients with AH (n=32) (p=0.03).  
Figure 2. CCL20 expression and correlation with clinical features of AH. (A) Correlation 
between CCL20 hepatic gene expression and MELD score in patients with AH (n=32) (p<0.0001); 
(B) CCL20 hepatic gene expression in patients with AH and METAVIR F4 (patients with cirrhosis, 
n=27) and METAVIR F1-3 (patients without cirrhosis, n=5) (p=0.01); (C) Comparison of CCL20 
hepatic gene expression and the severity of portal hypertension in patients with AH (severe portal 
hypertension [HVPG>20mmHg] n=12 and non-severe portal hypertension [HVPG<20mmHg] n=20; 
p=0.008); (D) Correlation between CCL20 and LPS serum levels in patients with AH (n=49) 
(p<0.0001). (E) Kaplan-Meier curve showing 90-days mortality according to CCL20 hepatic gene 
expression. A value of 80-fold expression (2-ΔΔCt) was identified as the cut-off value with best 
sensitivity and specificity to define patients with low (≤80-fold) and high (>80-fold) CCL20 gene 
expression (p=0.01); (F) Kaplan-Meier curve showing 90-days mortality according to CCL20 serum 
levels in patients with AH. A value of 260 pg/ml was identified as the cut-off with better sensitivity 
and specificity to define patients with low (≤260 pg/ml) or high (>260 pg/ml) circulating CCL20 
serum levels (p=0.03).  
Figure 3. CCL20 production and CCL20 effects on HSCs. (A) CCL20 gene expression in HSCs 
incubated with LPS 1μg/ml, TNFα 1ng/ml and IL1β20 ng/ml for 24 hours. (B) HSCs were incubated 
with CCL20 250ng/ml and 1 μg/ml for 24 and 48 hours respectively. mRNA expression was 
determined by quantitative real-time PCR and was expressed as fold vs. basal (*p<0.05 respect 
basal). (C) Effects of CCL20 on HSCs migration were evaluated using a Boyden Chamber. Both 
CCL20 250ng/ml and PDGF 20ng/ml (used as positive control) increased HSCs cell migration, 
expressed as mean of migrated cells respect control (*p<0.005). Representative pictures of 
Giemsa-positive migrated cells (X400 magnification) are also shown for control, CCL20 250ng/ml 
and PDGF 20ng/ml stimulated cells in presence or absence of 10μM U0126, a specific MEK1/2 
inhibitor. (D) Representative Western blot of time-course stimulation of HSCs with CCL20 
250ng/ml. CCL20 induced a transient ERK phosphorylation. (E) Quantification of the number of 
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migrated HSCs incubated with CCL20 250ng/ml in the presence or absence of U0126 10μM 
(*p<0.005 vs. vehicle; **p=0.014 vs. CCL20 stimulated cells).  
Figure 4. Ccl20 hepatic expression in animal models of liver injury and CCL20 cell source. 
(A) Hepatic Ccl20 gene expression in mice treated with CCl4 (n=6), LPS (n=6) and CCl4 plus LPS 
(n=12) (see Supplementary Material) (*p<0.05 respect control; **p<0.05 respect control and other 
groups). (B) Representative images of Sirius Red staining in liver of (i) control (x200 magnification) 
and (ii) CCl4 plus LPS-treated mice (x200 magnification) and representative images of  F4/80 and 
CCL20 immunohistochemistry in liver of (i) control and (ii) CCl4 plus LPS-treated mice (x200 
magnification). (C) Hepatic Col1a1, Tgfβ, F4/80 and Icam1 gene expression in mice administered 
CCl4 plus LPS (*p<0.05) and representative Western blot of hepatic ICAM1 protein expression and 
quantification in mice treated with CCl4 plus LPS compared to control group (*p<0.05). GAPDH has 
been used as endogenous control (D) Ccl20 mRNA levels in vitamin A+ HSCs ( VitA+), neutrophils 
(Ly6G+), hepatocytes (Hep), T cells (CD3+), total HSCs (HSCs) and macrophages (F4/80+) 
isolated from liver of mice administered CCl4 plus LPS (*p<0.05 respect control, **p<0.01 respect 
other cell types); as control to normalize results we used whole liver samples from mice treated 
with CCl4 plus LPS. (E) Ccl20 gene expression in RAW264 cells incubated with LPS 10ng/ml, 
100ng/ml and 1μg/ml for 24 hours (*p<0.05). 
Figure 5. CCL20 mediates LPS-induced liver damage. (A) AST, ALT and LDH serum levels in 
mice treated with control shRNA (shCtrl) (n=6) or CCL20 shRNA (shCCL20) (n=6) and LPS (see 
Supplementary Material) (*p<0.05 respect vehicle; **p<0.05 respect control shRNA); (B) Hepatic 
Ccl20, Nos2, Icam1, Mcp1, Tgfβ and Col1a1 gene expression in mice treated with control shRNA 
(n=6) or CCL20 shRNA (n=6) and LPS (*p<0.05 respect vehicle; **p<0.05 respect control shRNA). 
(C) Representative Western blot and quantification of hepatic CCL20 and representative pictures 
of CCL20 immunohistochemistry in liver of mice injected with (i) control shRNA and LPS and (ii) 
CCL20 shRNA and LPS.  Representative Western blots and protein expression quantification of 
NOS2 and ICAM1 in liver of mice treated with control shRNA or CCL20 shRNA and LPS. GAPDH 
has been used as endogenous control (*p<0.05 respect control shRNA). (D) Representative F4/80 
and MPO immunostainings of liver sections of control shRNA or CCL20 shRNA and LPS treatment 
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(x200 magnification). Quantification of positive-stained areas is shown in the graphs (*p<0.05 
respect control shRNA). (E) Representative Western blots of total and cleaved caspase-8 and 
caspase-3 in liver of mice treated with control shRNA or CCL20 shRNA and LPS. Caspase 
cleavage is represented as ratio of cleaved caspase vs. total caspase compared to control group. 
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RANTES antagonism: A promising approach to treat chronic
liver diseases
Silvia Affò, Ramón Bataller⇑
Liver Unit, Hospital Clínic, Institut d’Investigacions Biomèdiques August Pi i Sunyer (IDIBAPS), Centro de Investigación Biomèdica en Red
de Enfermedades Hepáticas y Digestivas (CIBERehd), Barcelona Catalonia, Spain
COMMENTARY ON:
Antagonism of the chemokine Ccl5 ameliorates experimental
liver ﬁbrosis in mice. Marie-Luise Berres, Rory R. Koenen, Anna
Rueland, Mirko Moreno Zaldivar, Daniel Heinrichs, Hacer Sahin,
Petra Schmitz, Konrad L. Streetz, Thomas Berg, Nikolaus Gass-
ler, Ralf Weiskirchen, Amanda Proudfoot, Christian Weber,
Christian Trautwein, and Hermann E. Wasmuth. The Journal
of Clinical Investigation 2010;120(11):4129–4140. Copyright
2010. Abstract reprinted with permission of the American Soci-
ety for Clinical Investigation.
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2964968/
Abstract: Activation of hepatic stellate cells in response to chronic
inﬂammation represents a crucial step in the development of liver
ﬁbrosis. However, the molecules involved in the interaction between
immune cells and stellate cells remain obscure. Herein, we identify
the chemokine CCL5 (also known as RANTES), which is induced in
murine and human liver after injury, as a central mediator of this
interaction. First, we showed in patients with liver ﬁbrosis that
CCL5 haplotypes and intrahepatic CCL5 mRNA expression were asso-
ciated with severe liver ﬁbrosis. Consistent with this, we detected
Ccl5 mRNA and CCL5 protein in 2 mouse models of liver ﬁbrosis,
induced by either injection of carbon tetrachloride (CCl4) or feeding
on a methionine and choline–deﬁcient (MCD) diet. In these models,
Ccl5–/– mice exhibited decreased hepatic ﬁbrosis, with reduced stel-
late cell activation and immune cell inﬁltration. Transplantation of
Ccl5-deﬁcient bone marrow into WT recipients attenuated liver
ﬁbrosis, identifying inﬁltrating hematopoietic cells as the main
source of Ccl5. We then showed that treatment with the CCL5 recep-
tor antagonist Met-CCL5 inhibited cultured stellate cell migration,
proliferation, and chemokine and collagen secretion. Importantly,
in vivo administration of Met-CCL5 greatly ameliorated liver ﬁbrosis
in mice and was able to accelerate ﬁbrosis regression. Our results
deﬁne a successful therapeutic approach to reduce experimental liver
ﬁbrosis by antagonizing Ccl5 receptors.
 2011 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.
Most types of chronic liver disease are characterized by different
degrees of hepatocellular damage, inﬂammatory cell inﬁltrate in
the hepatic parenchyma, and tissue remodeling, ultimately
resulting in progressive ﬁbrosis and cirrhosis. Following repeated
liver injury, a complex interplay between damaged hepatocytes,
inﬂammatory cells, and non-parenchymal cells occurs. Inﬁltrat-
ing inﬂammatory cells at the sites of liver injury are directed
to remove apoptotic cells but in addition they secrete a number
of chemokines that stimulate resident cells such as hepatic stel-
late cells (HSCs). The resulting activated HSCs proliferate and
accumulate in the injured liver, secreting large amounts of extra-
cellular matrix proteins. Therefore, chemokines are currently
considered key drivers of liver ﬁbrogenesis and potential targets
for therapy [1–3]. Chemokines are chemotactic cytokines that
regulate the movement of circulating leukocytes by binding to
their speciﬁc seven-transmembrane domain G-protein-coupled
receptors [4]. According to the presence and position of a con-
served amino-proximal cysteine-containing motif, they are clas-
siﬁed into four subfamilies: CC, CXC, CX3C, and C chemokines
[3]. CC chemokines are the largest family and are deﬁned by
the location of the ﬁrst two cysteine residues in the sequence,
which are adjacent. This group is known also as b-chemokines
or 17q chemokine family, due to a gene cluster on human chro-
mosome 17q11–q32 [4,5]. CCL5, also known as ‘‘regulated upon
activation, normal T-cell expressed, and secreted’’ (RANTES), is a
small CC chemokine that has powerful chemoattracting proper-
ties toward T cells, dendritic cells, eosinophils, NK cells, mast
cells, and basophils. CCL5 is produced by different cell types
including T cells, platelets, macrophages, endothelial cells, and
ﬁbroblasts and exerts its actions by binding to three receptors
(CCR1, CCR3, and CCR5) [6]. A growing body of evidence indi-
cates that RANTES is involved in a variety of inﬂammatory con-
ditions including atherosclerosis and obesity, which share
common pathophysiological pathways with liver diseases [7,8].
Pharmaceutical companies have recently developed RANTES
inhibitors/CCR5 antagonists, which are currently being evaluated
in several inﬂammatory diseases. Moreover, because CCR5 is
involved in HIV entry to target cells, CCR5 antagonists have been
successfully tested in phase III studies in patients with HIV
infection [9].
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Fig. 1. Implication of RANTES in the pathogenesis of liver ﬁbrosis due to HCV infection. HCV entries hepatocytes and is cleaved into different proteins with biological
actions (core, NS3, NS5, etc.). Some of these proteins are expressed in the membrane of hepatocytes together with MHC-I and MHC-II molecules. Moreover, infected
hepatocytes secrete inﬂammatory cytokines. Both actions activate and recruit T-lymphocytes that secrete mediators including RANTES. Neighboring biliary cells and non-
parenchymal cells (hepatic stellate cells – HSC and Kupffer cells) become activated and secrete free radicals and ﬁbrogenic and inﬂammatory mediators. The inﬂammatory
milieu activates resident HSC into myoﬁbroblastic cells. These latter cells express CCR5 and secrete RANTES. Paracrine and autacrine actions of RANTES in HSCs stimulate
intracellular signaling pathways leading to increased collagen synthesis, impaired collagen degradation and secretion of further inﬂammatory mediators. These actions lead
to progressive ﬁbrosis and persistent liver inﬂammation. The use of new RANTES receptor antagonists (e.g. Met-CCL5) could block the pathogenic effects of RANTES and
attenuate the progression of liver ﬁbrosis.
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Experimental and human evidence indicate that RANTES is
implicated in hepatic wound healing response to chronic injury.
An initial study demonstrated that RANTES is expressed and
secreted by activated HSCs, which are the main collagen-produc-
ing cells in the injured liver. In these cells, RANTES induces
migration, proliferation, and ﬁbrogenic properties [10]. Moreover,
studies in experimental and human liver ﬁbrosis convincingly
showed that the CCL5/CCR5 axis is an important system in the
hepatic would healing response. This axis is over-expressed in
different models of liver ﬁbrosis and in patients with chronic liver
diseases such as chronic HCV infection (Fig. 1). Importantly, dele-
tion of CCR5 markedly attenuated liver ﬁbrosis in mice [11]. The
underlying mechanisms include modulation of inﬁltration of T
lymphocytes and bone-marrow derived cells and reduced HSCs
activation. Finally, recent data suggest that RANTES could be
involved in the chemotaxis of progenitor cells during hepatic
ﬁbrogenesis and tissue repair [12].
In the paper by Berres et al. [6], the authors expanded these
previous data by performing a multi-approach study demonstrat-
ing that RANTES is a major driver of inﬂammation and ﬁbrosis in
chronic liver injury. First, a genetic analysis indicated that RAN-
TES gene variations inﬂuence the degree of liver ﬁbrosis in
patients with chronic hepatitis C. The haplotype CCL5_H3 was
found more prevalent in patients with advanced ﬁbrosis com-
pared with those with mild ﬁbrosis. Second, RANTES mRNA and
protein expression were up-regulated in two experimental mod-
els of liver ﬁbrosis as well as in patients with advanced HCV-
induced ﬁbrosis. Third, they demonstrated that genetic ablation
of RANTES results in attenuated liver ﬁbrosis in mice subjected
to two experimental models of liver ﬁbrosis. Absence of RANTES
was associated with reduced HSCs activation and immune cell
inﬁltration in the injured liver. By studying bone marrow chime-
ric mice, they provide evidence that immune cells are the main
source of RANTES in liver ﬁbrogenesis, while resident HSCs are
probably a target cell type for this chemokine. Finally, the authors
tested a recently developed RANTES receptor antagonist (Met-
CCL5) in vitro and in vivo. Met-CCL5 inhibited the proliferation
and migration of cultured HSCs as well as chemokine secretion
and collagen synthesis. Furthermore, RANTES inhibition attenu-
ated the progression of liver ﬁbrosis in mice treated with CCl4
and was able to accelerate ﬁbrosis regression after cessation of
liver injury.
The study by Berres et al. provides convincing pre-clinical
evidence that RANTES inhibition is a promising approach to
treat chronic liver diseases. However, there are several issues
that deserve further attention. The effect of RANTES inhibition
on regression of liver ﬁbrosis was only mild and additional
studies using different experimental models are needed. Also,
the expression of RANTES and its receptors in alcoholic liver
disease, which is mainly driven by polymorphonuclear cells,
should be explored. Because the authors propose that RANTES
is involved in disease progression in chronic hepatitis C, it
seems pertinent to explore whether RANTES inhibition modu-
lates HCV cell cycle, replication, and pathogenic effects. For this
purpose, in vitro replicon systems and transgenic mice are
available experimental tools.
Additional studies are also required to better delineate the
role of RANTES in liver ﬁbrogenesis and its potential as a target
for therapy in humans. Translational studies in different degrees
and types of chronic liver diseases should identify the speciﬁc cell
origin of RANTES. The pathogenic effects of RANTES in mediating
hepatocellular injury, endothelial dysfunction, immune distur-
bances, and collagen synthesis are largely unknown and deserve
further investigation. Importantly, future studies should investi-
gate the involvement of CCL5/CCR5 axis in liver regeneration
and cancer development. And ﬁnally, carefully-designed experi-
mental studies should explore the potential side effects of contin-
uous inhibition in RANTES and/or its receptors in animals with
chronic liver injury. In this line, a recent report [13] indicates that
lack of CCR5 promotes murine fulminant liver failure by prevent-
ing the apoptosis of activated CD1d-restricted NKT cells. This
study suggests that prolonged manipulation of chemokine recep-
tors may result in tissue damage instead of resolution of inﬂam-
mation. Another potential side effect of prolonged RANTES
inhibition is inducing immunosuppression. This is particularly
important in patients with liver cirrhosis, acute-on-chronic liver
disease, and patients with alcoholic liver disease, who are prone
to develop severe bacterial infections due to impaired immune
defense.
Although chemokines including RANTES are currently consid-
ered an appealing family of molecular targets to develop antiﬁb-
rotic therapies, all these biological and clinical parameters should
be carefully considered before testing this type of drugs in
patients with chronic liver diseases.
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